Introduction
The sound localization with the headphones can be controlled by a head related transfer function (HRTF), in which a sound image is localized by the interaural level difference (ILD), interaural time difference (ITD) and so on. An HRTF can control the sound image because it also includes the interaural differences [1] ; however, HRTFs depend on the subjects and the directions of the sound source. Therefore, perceptions of the sound images are not correct when incorrect HRTFs such as the other HRTFs, or estimated HRTFs, are used. In such cases, sometimes the sound images are not located outside the head. As a result, a method is needed that effectively evaluates sound localization. Many methods already exist for the evaluating sound localization, such as the mean opinion score, and the paired comparison method [2, 3] . However, it is not easy to compare the results that are obtained by those methods.
In the real world, when there are two sound sources located at different distances from the listener, it is easier to hear the nearer sound source. In contrast, it is more difficult to detect the farther sound because the sound pressure level decreases due to sound attenuation over a distance. In other words, the farther sound needs to be louder to disturb the closer one. This indicates that the distance between two sound sources can be determined by measuring the difference of the loudness level.
In this paper, a method for determining sound localization using the auditory masking [4, 5] is proposed and evaluated. The maskee is located inside the head and the masker is the sound which is convolved the HRTF and the stimulus. In the experiments, the level of the sound localization is evaluated by measuring the masking level.
Measurement of HRTFs
In this study, an HRTF is defined as the acoustical transfer function between the sound source and the entrance of the ear canal. The HRTFs were measured in a reverberant room with a head-and-torso simulator (HATS, B&K 4128) and five human subjects. The reverberant time in the measurement room is 150 msec. Figure 1 shows the measurement environment. The HATS and the subjects were sat on a turntable that can be moved at intervals of 1 , with an accuracy of 0.3 . Since the microphones (SONY ECM-77B) were positioned at the entrances of both ear canals, the ear canals were blocked by the microphones, whose diaphragms were in the same position as the entrance of each ear canal. The impulse responses were measured by using the time stretched pulse (TSP) [6] with the loudspeaker (BOSE ACOUSTIMASS). The duration of the TSP is 683 msec.
The HRTFs were measured for 12 azimuths at intervals of 30 . The distance from the sound source was 1,000 mm and sampling frequency was 48 kHz. The azimuths corresponded to the following directions: front, 0 ; left, 90 ; back, 180 ; right, À90
. The sound source, the bitragion and the pronasale were all located on a 1,260-mm-high horizontal plane.
Experiment

Experimental method
The localization sound is situated outside the head, whereas the lateralization sound is located inside it. Since the localization sound is perceived to be far from the listener, the perceptual distances are difference between both sounds.
In addition, the far sound is perceived as being lower than the near one if both sounds originally had the same loudness, because the sound pressure level is decreased by sound attenuation over distance. When the far sound (localization sound) and the near sound (lateralization sound) are considered as the masker and the maskee, respectively, the localization sound must be louder to mask the lateralization sound. On the other hand, in the case where a higher masking threshold is obtained, it is considered that the localization sound is perceived as being farther from the listener. The degrees of the localization can be evaluated to measure the masking level. Figure 2 shows that the perceived positions of the sound images when the localization sound and the lateralization sound are heard at the same time.
Experimental condition
In the subjective tests, the masking threshold was measured by the method of limits [7] . At first, the subjects could hear the maskee, whose sound level was constant, while the sound level of the masker was increased step by step. The subjects answered whether the stimulus was detectable when Ã e-mail: nishino@media.nagoya-uac.jp played. If the subjects responded that the stimulus is not detectable, the sound level of the masker was decreasing step by step. When the subjects answered that it was detectable again, the sound level of the masker was increasing step by step. The level where the answer changed was then recorded. Two tests each were performed for the increasing and decreasing conditions. Finally, the degree of sound localization was determined from these results. Figure 3 shows the order of stimuli. The masker comprises convoluted the HRTFs and the pink noise with a bandwidth ranging from 0 to 24 kHz. The maskee is the Japanese speech. During the subjective tests, subjects heard the following maskers; 1) convolution of the HATS's HRTFs and noise, 2) convolution of the their own HRTFs and noise, The masking level is measured in dB.
The subjective tests were performed inside a soundproof chamber whose noise level was 22.3 dB(A). Five subjects participated in the experiment, all of whom measured their own HRTFs. The subjects heard the stimuli through the earphones (ETYMOTIC RESEARCH ER-4B).
Results
Difference of the sound level
Figures 4 and 5 show that the results obtained when subjects used HATS's HRTFs and their own HRTFs, respectively. The average score when using the HATS's HRTFs was 5.6 dB, whereas that for the subject's own HRTFs was 6.6 dB. In both figures, since a large difference is obtained, the masker is considered to be located farther from the subjects.
The HRTFs have individuality, because the HRTFs include the reflection and the diffraction at the head, ears, body and so on. The HATS is designed to have average size head, ears and body; therefore, the HATS's HRTFs differs from the subjects' HRTF. It is considered that the sound localization performance deteriorates when the HATS's HRTFs are used. Figure 6 shows the comparison between Fig. 4 and 5. In this figure, the positive number indicates that the subjects' own HRTFs are more effective than those of the HATS, and it is clear that the average scores are positive at all azimuths. The significant tests (T-test) were performed for those results. The null hypothesis of the tests revealed that there was no difference between the HATS's HRTFs and the subjects' HRTFs. Significantly positive scores indicate that using the subjects' own HRTFs was effective. In the tests, the levels of significant were 0.01 and 0.05. The scores for 0 and 180 are higher than those of the other azimuths. In the case of ¼ 0:01, there was significant difference in the front and the rear. In the case of ¼ 0:05, there was significatn difference except 120 and 150 . It is clarified that the sound image can be located farther in the front and the rear when the subjects' own HRTFs are used.
Monaural hearing test
In the case of the monaural hearing, it is generally difficult to perceive the spatial spread and the distance from the sound source. The monaural hearing test was performed to examine the effects of the binaural hearing.
In this test, the masker was convoluted the subject's own HRTFs and the pink noise whose bandwidth ranged from 0 to 24 kHz. The HRTFs at intervals 30 were used. The maskee was the Japanese speech inside the head. Both the masker and the maskee were presented to the subject's left ear with an earphone. Figure 7 shows the results of monaural hearing. The masking levels at all azimuths are lower than the results of the binaural hearing, suggesting that the binaural hearing can realize the sound localization and that the proposed method can determine the degrees of the sound localization.
Conclusions
In this paper, the method for determining sound localization using the auditory masking is proposed and investigated. In this method, the level of the sound localization was determined by measuring the masking level between the lateralization sound and the sound convoluted by the HRTFs. Results revealed that the masking level almost corresponds to the perception of the sound localization, and that the subject's own HRTFs are more effective than the others in the front and the rear. It is considered that the proposed method is effective. Future work will involve examining the proposed method in real environments and comparing the results with related experiments. 
